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PREFACE 


Since clay is one of the nost bothersone foundation 
materisls, the Soil Mechanics Department of Rensselaer 
Polytechnic Institute is carrving out s series of inter-~ 
related investigetions on the proverties of clsoys. This 
thesis is a smell part of that vrogram and wes decided 
upon in an attempt to settle some of the questions raised 


by Lieutenants W. J. Christensen end Willian Rk. Stephen- 


a 


son in their studies of electro-osnosis. The scope i 


tr; 


necessarily limited and new limitations were discovered 
during the investigations, An interesting field of study 
of base exchange has been opened up, however, and it is 
felt that some future investigstors could learn much by 
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following up this work. 
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INTRODUCTION 


in previous work on electro-osmosis by Lieutenants 
Christensen and Stephenson, difficulty wes encountered 
in evalunting the results of their experiments because of 
the meny unknowns involved in their clay semnles. XKnow- 
ing nothing of the chsracteriestics of the clay with which 
they were working, such as the kind of sdsorbed ions pre- 
sent, they could not definitely say what changes hed teken 


place « 


This uncerteinty resolvad itself into the oroblen 
of obtaining or producing a clay of known charncteristics, 
or better still, «a clay with only one kind of sdsorbed 
ion, in lerge enough quantities to be used in electro- 
osmosis experiments. Such e clay might be a pure H-clay. 
With an Necleay, an experimenter might displace the H ions 
vith Mg ions, Al ions, and any other desired ions by using 
the prorer electrode meterial. The resulting clavs could 
be ansivged for chenges in liquid and plastic limits. It 
might then be determined whether or not stabilization re- 
sults from osmoris slone or in conbination with more 
stro:gly adsorbed ions, a theory on which Christensen and 


Stevhenson dissrreed. 


it wes felt that electro-diualysis might be a solution 
to the practices] problem of production. This method would 


then involve a studv of cation exchunge on the clay in 
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question to determine if end when the exchange was com- 
plete in order to insure a pure H-clay. With this preec- 
tical problem in mind, the suthor undertook this investi- 


getion of cation exchange on clays by means of electro- 


dialysis. 





THEORY 


The theory of ion exchenge on colloids nas been 
known for some time. Helmholtz is generally siven credit 
for ceternining the mechenism by which such an exchange 
takee place. The Helmholtz double layer concept in its 
final form proposes that colloidal particles heve ad- 
sorbed on their surfaces either a positive or negative 
layer of ions thet results from unsatisfied velences at 
the broken faces of the particles. This first layer of 
ions tends to attract by induction « diffuse second layer 
of opporitely charged particles. This edsorptive force 


conforms to the equation, 


Fw k Gy ae ,» (figure 1) 


net 


where gj and qo are the charges and d is the distance 


separating them. 


If in a stable colloidal solution particles of equal 
charge and smeller radius than those sudsorbed on the col- 
loiésl surfaces ate introduced, the force of attraction 
for the new lions will be grester than that for the sdsorbed 
ions and an exchenge will take pleee, This vhenomenon is 
cnown es “bese” or "ion exchange", The rate of this ex- 
change cGepends in vart upen the probability of the new ion 
setting close enough to the broken surface to effect the 
change, and thus, upon the concentration of the new ion 


(fisure 2). 
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AS Glay is colloidal by definition, it is believed 
thet ton exchange plays an important role where stability 
is concerned. The stability of a clay is primarily de- 
pendent upon its water content. Therefore any method 
that will control its water contert will in some measure 
control its stability. There sre two factors in elsy 
hydration that stand out, its lattice structure and its 


edsorbed ions. 


Pith respect to lattice structure, there are four 
main classifications of cleys, Kaolinite, illite, mont- 
morillonite, and the amphibole-like clays. At the one 
extreme is kaclinite, whose lattice is divided into two 
sheets, a tetrahedral silicon sheet end a sibbsite sheet. 
The contact surfaces of scdjacent lettices consist of 
oxygen ions on the one side and hyvdroxal ions on the 
other. The strong attraction of these ions makes this 
lattice a tightly knit unit very difficuit to bree: down 
or to nenetrate with woter. At the other extreme is 
montmorillonite, whose inttice is composed of 5 tetra- 
hedral silicon sheet, a gibbsite sheet, and another tetra- 
hedral silicon sheet. The contact curt:ces of adjacent 
lattices in this clay consist of oxygen ions slone, giv- 
ing a much weaker bond that allows wster to penctrate 
between lattices and decomposition to take place. The 
other clesses of clays fall somewhere in between these 


twOe 
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Since ion exchange is a surfece phenomenon, one can 
gee that the exchance cepacity of montmorillonite is much 
ecrecter than that of kaolinite, due to the grester sur- 
face area evsilable. The loose structure of montmorillon- 
ite even allows ions to penctrete within the voids of the 
lattices. It is this exchange capacity that we are in- 


terested in as a means of stabilization, 


In order to understand how this execnange and sta- 
biligetion would teke place, we should underatend ionic 
hydration. <A cation, for inetance, becomes hydrated 
when in solution dve to its ettreective force for dipolar 
water molecules (figure 3). Hans Jenny is given credit 
for the discovery thet aemealler ione hydrate to the 
erestest extent ond, ss 2 result, end wo with the lar- 
eent hydreted radius ia the determining factor when force 
of adsorption is considered, the ionic cherge being the 
same. <enny formulsted the lyotroric series wnrich gives 
the order of edsornption anc release of ions se follows: 

Adsorption: Li<Ne< K<Rb< Ca cH 

Release? Li>far?KpRD?Ce PH, 

A. Ssimilsr series exists for bivalent and trivalent ions. 
It msy be seen thet attraction is in reverse order of 
dehydrated ionic radius except for hvdrosen. This series 
is disturbed in sone clsy systems by the tendency of 


eertein ions to Gehydrste. The hydrogen ion is a special 
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case in that it benaves contrary to the hydrated radius 
theory. It is generally accepted that the adsorption 

of the hydrogen ion is more chemical than electrostatic. 
Instead of being separated from an adsorbing hydroxal 

ion by s water film as s Galcium ion would be, the hydro- 
gen ion actually meshes into the electron orbit of the 
hydroxal ion (figure 4). In the process of exchange then, 
and in exchange alone, the hydrogen ion acts as though 


Gehvdrated. 


The vroblen of producing 2n Necley is intimately 
tied wn with the stcbilitvy and exchenge capacity of clays. 
Since the hydrogen ion is the most strongly sttracted 
jon of sll, we need only to supply these hydrogen ions 
in sufficient quentity to nercit the exchange to take 
place, «nd to remove the replaced ions to facilitate 


more rapid exchange. This is the function of the dialysis 


cell. 


The theory of such a cell is simple. The cell con~ 
sists of three compartments separated by membranes porous 
oniy to tons. Electrodes are inserted in the two end com- 
partznente (figure 7). The elay solution is plsced in 
the center compartment end water for receiving the dis- 
pleced ions is placed in the end compartments. When a 
volterce is anpolied, the following action takes place. Dis- 


socisted hydrogen ions in the center conpartrent replace 


the adsorbed cations (fissure 5A). These cations are ate 
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The vroblen of producing an Hecley is intimately 
tied up with the satebilitvy end exehenge capacity of cleys. 
Since the hydrogen ion is the nost strongly ottracted 
jon of all, we need cnlvy to supply these hydrogen ions 
in sufficient gqguentityvy to nereit the exchange to take 
tlece, «nd to remove the replaced ions to facilitete 
more repid exchange. This is the function of the dialysis 


cell. 


The theory of such a cell is simple. Yhe cell con-~ 
sists of three compartnents separated by membrenes porous 
only to ions. Hlectrodes are inserted in the two end com- 
nartuenta (figure 7). The elay solution is pl«ced in 
the center cov-portment and water for receiving the dia- 
plisced ions is placed in the end compartments. When a 
voltesce is anpnlied, the following action takes plece,. Dis- 


societed hvdrogen ions in the center coypartrent replsce 


the ndsorbed cations (figure 5A). These cations are ate 
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tracted to the cathode ané will pass through the men- 
branes, though the elay fgolution will not. The lert- 
over hydroxal ions ore rttrected to the snode (figure 
5B). If distilled weter is used in all compartments 
and there is no electrolysis, this action continues un- 
til the cation exechnunge is complete. If electrolysis 
takes place, the weter that breaks down has the follow- 
ing effects. The hrdroxal ions at the anode give up 
electrons and oxygen is released. The hydrogen ions 

nt the enthode receive electrons from the cathode and 
so off as hydrogen gas (figure 6). This results in an 
acid anolyte and an alkaline eathnolyvte. The process is 
somnewhet more conpliented when distilled water is not 


used. 


* 


Thero cre sone to eorles that eny the lattice struc- 
ture of « clay is broken down or possibly changed by 
electrodialysis. Any such change may be Gctected dv a 
study of diffreetion patterns. anv perticui+r iattice 
atructure has the property of diffrecting X-rays in 2 
pattern peculiar to that one structure. If envy cheng 
takes pDisace in the lattice structure, this change may 
be detected by a thenge in the diemeters of diffrxetion 


rings recorded on Xeray films 
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APPARATUS 


The following equipment was used: 


le 


a) 
® 


im 
. 


= 
e 


1009 watt, 120 volt gasoline driven d.c. gen- 
erator (figure 8). 

Dislvsis cell made from a storage battery case 
(fieure 9). 

Carbon electrodes, submerged area «= 31.6 inches®@, 
‘Monel metal electrode, srubmerred aren = 23.6 
inches®. 

Variable seneec stirrer. 

D.C, voltreter, 150 volts. 


D.D. ammeter, 3-30 amneres, 


All experimentation was done in the soil mechanics 


Lleboratory on Avenue B and the Ricketts building at nens- 


sclnaer volytechnic Institute, Troy, New York. 
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PROCEDURE 


The procedure for the several runs varied somewhst 
due to discoveries msde in previous runs. In all ecsases 
tie clay was prepared by grinding it very fine and then 


making a sieve analysis. In most cases 200 srams of 


Vhe cell used in each cuse was one of two made by 
the author (figure 9), They were made from a standard 
eutemobile storage battery sawed into three ecual seg~ 
ments along the longest dimension. Cell #1 had four holes 
drilled longitudinsllvy in the walls to receive tre bolts 
used to clamp the secnents together. Rubber gxskets were 
usec between the segments to make the cell watertight. 
Cellophane membranes were used in everv case and were 
placed so xs to separate the segments. When sssembled 
the cell consisted of three distinct watertight conosart- 
ments adjacent to the membranes, spaced about 3 5/4 inehes 
apart.e The power source of 120 volts was connected across 


these electrodes. This cell was used in Run #1 only. 


Due to difficulties encountered in Run #1, this 
first cell wan mocified by addins influent end overflow 
pipes to each of the two end cocpartments to provide 
for constant circulstian of the dialytes. Thies cell was 


used until a lesk G#veloned when Run #3 was bezun. As 
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the leak could not be repaired, a new cell was made which 
differed but slightly from ceil fl. Instead of using 
gaskets, and running tie belts through the cell walls, 
tne segnent [sees were sanded to watertight smoot! ness 
and external clamps were used. Thais cell was used for 
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Tn each run a rnredetermined anount of woeter vas 
added to exch compartment so thet ell water levels would 
ve the same. The clay was sdded to the center coupert- 


a 


ment wnere it was constently agitated bv 2 stirrer. 


During the runs a record wes kept of the temnpera- 
ture of the dislyters, the current, the voltagte, and the 
DH values of the Cinalytes. iIn esch case the run was 


continued until the pH indiceted thst ion exchsnse was 


“4 


complete or until adverse conditions made it necessari 


to etope 
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In avery cree excent Run #4 an “M-ray éiffrection 
be > aie Y \ oes 7m or ve i ‘ : Le 7 ve < ~ ° 
pettern of the cleye was odteisved dbefore anc after treet- 


ment to determine whethcr or not the Lettice stricture 
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RUN #1 


Cell #1 was used for this run with no circulation 
of the dislytes. In each of the two end compartments 
1999 ec of distilled water was placed. In the center 
compartment 925 ce of distilled water and 2090 grams of 
an unknown clrey were placed so as to give 1000 ce of so- 
lution. Subsequent annlysis by A-ray diffraction proved 
this clay to be primarily attspulgite. This was more 
or less borne out by a differential thermel analysis 
that indicated the clay was different from kaolinite, 
illite, and montmorillonite. A monel metal anode and 
a carbon cethode spaced 3 3/4 inches apsrt were used in 
thie run. 

This first run was to determine what ions would be 
removed in order to see what chemical tests would be neces- 
sery in determining the order of bese exchange. This 
would eliminste makings tests at the verious time inter- 

eles for ions that were not present. 

The 129 volt source was eapplied scross the electrodes 
and immediately there was evidence of a gas being Lliber- 
ated st the cathode. The pH began to climb quite rapidly 
at the cathode and to decresuse at the enode. This chanze 


continued for the first 4 hours, «after which the pH le- 


Qs 


velled off, s phenomenon thet was to have been use 


as 
an indicstion of completion of base exchange. Treatnent 
was continued, however, for another 20 hours and the pH 


remained substeantielly the same at both electrodes. 
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After some 8 hours of treatment, the clay begnan to 
peck up on the scnode membrene end a green precipitate 
began to form set the anode. The clay was periodically 
seraped from the membrane to keep it from clogging and 
to provide better dispersion. The effect of the clogged 
membrane would have been en increase in the resistance 
to ion flow. The green precipitate was identified as 
the hydroxides of copper and nickel, indicsting thet the 
enode was being sttacked by an electrolysis process. 

The excessive elkslinity and acidity in the end conm- 
partments and the constant pH values after only 4 to 8& 
hours of trestment indicated that the procedure wre not 
eorrect. Allowing the exchanzed ions to saccumulate in 
the end compertments ecsused an osmotic pressure to build 
up sufficiently to stop the base exchange. A condition 
of equilibrium hed been est»hlished but the bese exchange 
was not complete. 

The dialytes were given s qusliteative che ics] ansl- 
usis to determine what ions were removed, It was found 
that calcium wac definitely present in the anolyte, a 
surprising develonzent. There were traces of sluminun, 
magnesium, end calcium in the catholyte. This meant 
that the clay was predominent in celcium as nearly as 
eouldG be determined from this run. It can reasonably 
be sssured thet the presence of calcium at the anode 
indicated a slight breakdown of at least some of the 
Clay. This is the only way in which calcium eccould ap- 


pear at the anode, as a complex ion, instead of st the 


a 


A le ay ame ME Vie ee toed 
Po Sa ry OS 
nan snjs bat ieee ed Te ey nv 
ee ee 
Marden smo rene melee al 
a ee eee net 
me NNT bas eter carte MP seem 
Fh Ae aathentins yhaesen me Teeret 30 protserin 
Ween Aine lewoale ~ Fy Sette acted pew | 
OO IE IH TPIS Om Om NRT AAD, Hot emaMoN ott — 
EK phno rahe miter We teem me ‘o- eeamryay | 
2 Nat retire at Ad Wad ot tes dommdarat 2 ewe - 
7 eel Emgeminer wot atentis AIS, 
POE OCS, Set pettngs Ge 
7 ARNE mE Ret A OF AT RotT IS 
Let il mah BA ite nm med St mad pn In 
eetnlomon ie vel 
ate ethane wrlball Coury © peti seme cnr ln ih oot 
a eee a! CARTY Fim eal te a eT h oe sew 
ee el ere 7 ae ee sae 
gemivehs e Cheeed ies ceveert eden lew) oe ha bree 
deme FEE. Wytimrs fe oT enscT en Bo «ere 
te ret we len eet er *. rear 
“Giuaeeeees ee Tater he etl Gotten oe ae 
whey he! he rata a Yo porwr: wr Skt eee ae 
© eh 3 Wom reed de 6 temtomirns ct ulie & Neanarias 
wae Afuew eeleiine (eee ul fee cing et af gle ower 
aly Ae 2a Salen) os Teles 6 oe iste OL Or seme 



















_— 





: 



















<!+ 


cathode as a simple ecsicium ion. It is felt by many 


thet this does occur with the montmorillonites end an- 


phiboles.» 
A sample of the clay wes taren for diffraction pat- 


tern purposese These patterns were subsequently lost, 


as were those for Run #£, by 4 photograph processing 
9 3 


laboratory before weasurements could be made to deter- 


nine whether or not there wes any Gifference between 


the patterns before and after treetment. 











aoaweres me 


wn pet mater mee mate tl me ae 


OF Ee et moe 
Spiga a ia ae 
ia eta heat peel aged | 
sorte emec8 woes ant tat | 


omtind SalG re en + 





; => 








—_ 


(SPLINIW) FL/// 








oe oe a ee Arana —f er oo 





| ah. 

{/ ) 
a) Be Pr 

ye a 





* = —-1---~+ on $s 


x 
+ 


9 ee ~ H- 


tinier gee > Sue = iC 





' { : esitats -s 


- 
“——— ~~ 





’ 


WIL 


LMC TE. 





‘ . . 
te ge ee ee 








_(aw79 as 


cow mee Pf LEY TD 


Bae ee | ww «& Onynn) + | u pl 

: BA <a si ? aaerer lek ain , oe faa: ome ee ene 
| | ; . ; = ta.| . ve lap NT fe cr : ‘cil ial i i hi —~G/ nS 
eee AP bc 7 | a lil a ae 
; : teas -4{ - * ' oss 





= DA 7 2 17 - oo nae _ 





RUN #2 


In order to alleviate the osmotic pressure result- 
ing from too high an ionic concentration at the elec- 
trodes, it was decided to circulate the dialytes. Dis- 
tilled water would have been the most satisfactory me- 
dium in order that the dialytes could be analyzed quali- 
tatively, but «a three-day supply was not available. Tap 
water wes therefore used. An overflow pine and an in- 
fluent tube were added to each compartnent and water was 
circulated at es fact a rate as the overflow pipes would 


take. 


It was thought that a greater dilution of the clav 
would do something to prevent the electrophoresis of 
the perticies by allowing more to remsin in solution, 
For this resson the samount of liquid was doubled in all 
conpartnmnents. All other conditions were the seme as in 


Run #1 and the same procedure wes followed, 


Much the same thing happened as in Run £1 except 
for two noticeable things. The current rose to ° much 
nisher value, but this wes ettributed to the changed 
set-up. The green precipitste began to form in large 
quantities and at 2 repid rate. This was surorising, 
since it was felt that the cireulstion of the dialvtes 
would prevent this. At the end of eight hours, how- 
ever, the enode overflow pipe clogged #=nd csused the 
anolyte to flow over into the center compertnent. The 


run was stopped and the anode removed. 
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At least half of the anode had deen corroded com- 
pletely awav by the electrolytic setion. Inspection of 
the metal stirrer reveeled thet it was oedly ritted and 


the propeller had corrcded sway. Feesuse of thes: ac- 


tions, some more changes were made for this rune 


To prevent further corrosion it was decided that 
curbon vould be used for the enode as well as the ens- 
thode. <A glass stir rod was substituted for the metal 
one. With these changes made, Run #2 was continued as 


before. 


A change in technicue had slso to be made. With 
Circulatins water in the end commarttents it was thoucht 
that a return to normal of the pH values of the dislytes, 
that is their velue before tre trent was begun, wold 
indicate no further renoval of adsorbed ians. It wes 
apparent, however, that electrolysis was piavying a very 
important part in the precess, For this reason a new 
inciecation of completion of ion exehnange had to be found. 
it wee felt then that for a constant voltege trere would 
be e constant rete of electrolysis, assuming no change 
in the nake-up of the circuletineg weter or its rate of 
circuletion. The pif reedings should return, therefore, 
to @ velue thet was denendent unon electrolysis clone. 
When the pH readings levelled off, ion exehnsanze should 


be compicte. 


Since tan wter was being circulated, however, 


no chemiesl enalysis could be mede to see what ions 
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were being; removed and in what order. For this reason 
samples of the cliny were removed at various times to be 


umniveged, if possible, hy speetrographic means, 


Tne run was continued for approximnately 77 hours 
when the pA readings indicatec that exchange wae come 
plete, Tiuis woula have to be substantiated, time per- 
mitting, by furtner analysis, Noteinzg new develoned 
in this run. Gas was continuously emitted at both elec~ 
trodes, Clay Cid pack up on the anodc membrane egain 


Gue to electrophoresigs, Some other method would hseve 


to be devised to prevent this. 


After this run it ware noted that the anode began 
to take on * spongy appearance, The surface was sone- 
what sort and powdered carbon could be rubbed off. Ap- 
parently the anode was beings oxidized, as some forms of 


cnrbon ere known to oxidize under similar conditions, 


Ae-ray diffreetion gseamples were again obtained sfter 
treatment but their patterns were lost as previously 


mentioned. 
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RUN #3" 


ln order to compare the aifferent classes of clays 
in regerd to ease of conversion to an limelay and ionic 
exchange in general, thin run wes @ude using Kkeolins. It 
was at this time thet « leak developed in the cell ond 
a new one wee nace ofter several attempts to stop the 
leak in the original one. The procecure cid not vary 
ii 


from that use@ in kun #f ane the savte electrodes were 


USEG e 


As usual ges was evolved at both electrodes and clay 
hed to be removed from the anode menbrane at resular ine 
tervels. At one time during the run the circulating 
weter supply was cut off by accident so thet a condition 
similer to Run #l existed. Thiec was apparent in the pil 
readings. This condition may nave been responsible in 
part for the large deviation in the ph trend thet fol- 
lowed. It is believed, however, tnt varietions in the 
outout of the generator were largely reeponsidle for the 
oscillating pM curves that were obteined. This can be 


esumed, Since electrolysis ie nronortional to the ap~ 


@ 


* 


plied voltage «nd the major pert of the pr! value is thought 


to be a direct result of electrolvsis,. 


f& plot of the pH resdings was no surprise, as it 
revealed the keolin to heave less exchange capacity than 
the attapulcite. This was evidenced by the lesser slopes 


of the curves, indicsting a lesser tendency to give up 
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adsorbed ions and/or fewer adsorbed ions. The reason for 
the "and/or" is thet complete removal, as indic«ted by 

the downward pH trend at the cathode, took the same Length 
of time as for attapulsite. If there were only fewer 
adsorbed ions, they should heve been removed sooner, un- 
less rate of exchsnge is just as dependent uvon the con- 
centration of the adsorbed ions as it is upon the con- 


centration of the substituted ions. 


After approximately 70 hours, when the pH trend in- 
dicated complete exchange, the run was stopped. A sample 
was again taken for 4-ray diffraction nurposes. A com-~- 
parison of the diffraction patterns before and after 
tre:tment showed a definite increase in the dinmeters of 
the diffraction rings. The most probable explenation 
of this would be that the lattice structure, though not 
changed, was strained as a result of some part of the 


exchange proces&. 
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RUN #4 


To follow the same line of reasoning that wis used 
in Run #5, an Osage, Wyoming, bentonite wes used for this 
run. As previously mentioned, bentonite (2 montmoril- 
lonite) is the extreme case of « flexible Llettice struc- 


ture. This wes evidenced by what followed in this run. 


The clay was adced to the water in the center com- 
partrent and it beceme sppcrent that some difficulty 
woulé be encounterec. The clay vroved to be tiixotropic 
and except for the ares directly adjacent to the stirrer, 
tie center conpsrt ment wes full of = gel. As benton- 
ite is very expansible it was evident thet too much hed 


been used, but it was decided to see wht rould happen. 


‘then the voltage was applied, the current immediately 
rose to 6.7 amperes, simost thirty times the sverage 
initiel veaine. At the enc of one minute thie value had 
risen to & aeneres, «nd the pif at the anode and catnode 
wes off the Beckman pH meter scale, 0 in the ‘irst case 
and 15 in the latter. The current rose to 10 amperes 
and the clay gel begen to bubble. There wos wuch gaseous 
eciivity at the anode and csthode. Steam began to rise 
from the gel which hed reached - tempersture of 75 °C. 
The clay was now lLiecuid ediscent to the stirrer end the 
cathode wenbrane. Because of the excessive heeting the 


run was stopped. 
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Part of the gel, equivslent to 28 grans of clay, 
was removed and an equal amount of distilled water was 
added. Two cooling grids were pleced in the center con- 
pertrent torougn whieh tap water was circuloted in an 


effort to keep the temperature cown. 


With these changes meade, the run wes started again. 
‘Much the seme thing happenea as before, except thrt the 
pH, tempersture, nnd current were enough lower then before, 
it was thought, to continue the run. The same gas evo- 
lution and bubbling of the gel took piece with no new 
— At the end of 7 hours, however, it was 
appnrent that there wes e leak in the exthoce menbrene. 
This wes due, no doubt, to exbrittlement of the men- 
brane csused by the excessive heat. The cathode mem- 
brane in ali runs ended up brittle to a certain extent, 
wiile the anode membrane remained plieble. This would 
indicate thet some other membrene aterial might be 


used to advantage on the esthode side. 


In order to cut down on the ion exchange and , con- 
sequently, the current and temperature the run was be- 
Gun again using a new sample of 100 grams of bentonite. 
The came high velues were recorded for the first 39 
minutes, «efter which time the membrene ruptured asein. 

In all three trisls ecley pscked up on the snode menbrene 
to a much grester degree than in anv of the previous runse 
The attemst to meke en H-bentonite was sbendoned in order 


thet more work could be done on the attapuicite. 
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RUN #5 


The purpose of this run —_ to see exactly what ef- 
fect the particle size hed on the rete of ionic exchange. 
Not all of the effects of an ultrssonic vibrator «are 
known, especially on clays. The vibrations seen to have 
the effect of dispersion and, at the sane time, of floc- 
culation. In this run a 2000 ec solution with 200 grems 
of sttspulgite was subjected to vibrations at 1000 kilo- 
cycles per second for one minute. After the vibration 
some of the clay hed settled very conpactly in the dote 
tom of the container while the rest formed a very hono- 
geneous solution. The same electrodes were used as in 
previous runs and the same procedure as for other otta- 


pulgite runs was used. 


One of the effects of the vidration wes apparent 
imsediately as the pH value at the cathode indicated a 
faster rete of execnangse than had previously been noted 
with attapulgite. What is more, the pH climbed to a 
hisher velue end the current wes generallv higher. This 
wes to be expected, since the rate of exchanse is a 
function of surfsce srea end the vibrations save the 


necesarry incrersed dispersion. 


The second, eané most important «nd interesting, 
phenomenon resulting from the vibration was that et no 
time did the clay have ae tendency to vack up on the 
membranes. A possible explanation is here submitted. 


When electrophoresis taxes place, the negatively charged 
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clay particles are crewn to the anode. The particles 
are large enough (force of repulsion of two particles 
is inversely proportional to the distance between then 
squered) so that the netural cohesive forces overcone 
the repulsive forces and the ecley packs up on the «node 
membranes But when the clay is vibreted, it is broken 
cown into perticles small enough seo that the repulsive 
forces overcome the cohesive forces and the particles 
remain in solution instesc of pecking up on the men-~ 
brenes. There was a tendcency for more clay to cettle 
to the bottom of the cell «lso, a result verhaps of the 


flocculation effect of vibration. 


At two points in the run the motor-g° nerator set 
eut out and wes off about an hour, This ned tne effect 
of eterting the ni values at the electrodes back to nor- 
mal. Other thon these two events, the ran proceeded 


normelly until the fourth day. 


Wnen the 4570 minute reading was teken it wee noticed 
thet the level of the liguid in the center conpartment 
was much lower than thet in the ené corxpertments and clay 
wee spperring vet the esthode. TYhis wes very puzrling 
eince a len in the cathode menbrene should asve resu’ ted 
ial the mame liquid level in tye two connected comosT t= 
ventees. There wee aleo on extreme difference 1 the btwo 
or values. It wee feit thet tle clay wey heve bee: dee 
composed Tincly encush to venetrate the pores of the 
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In order to determine the cause of this phenomenon 
the run wes continued to see whet would happen. The 
next morning, however, the three liquid levels were the 
seme so the run wae stopped. An inspection of the ‘nem- 
brane revealed # teak of the usuel type, due to embrit- 
tlement. The difference in liquid leveis couic be ex- 
plained only by the presence of some force moving the 
solution from the center compartment against the hydro-~ 


stetic head until the hole beeswme too lerse. 


Sannles of the clay were tren for A-rey diffrac- 
tion analysis after vibretion end before trerntment, when 
the leak first developed, end when the run was coupleted. 
A comparison of these diffraction patterns sain indica- 
ted s trend of increasing diameters after trestmuent, 
though not so pronounced sas for kaoline This is perhaps 
explainable. A ciffrection osttern is the avera ce pat- 
tern for «ll of the lettice structures present in the 
sample. Keolin hes ea definite structure with a stable 
fixed thickness. A streining of this lattice would, 
therefore, be rather noticesdle. On the other hand, at- 
tapulsgite has a looser Lattice structure with a thick- 
ness that varies from one to two tines its smallest value. 
The clay particies in a diffraction seanple might have 
lattice thicknesses throughout this whole range, end 
the diffrection pattern is an eversage for all of these 
lattices. Any streining of the iattices in this case 
would not show up to such a large desrec. It is felt 

iet some streining of the lattice structure did take 
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RUN #6 


Before it could be determined exactly how uch of 
the pH change was due to ionic exchange, the effects of 
electrolysis of the water had to be determined. it wes 
deciged, therefore, to make ewe rin using distilled water 
sions in the center compartment. Keeping in mind thet 
the water undoubtedly would not react the same without 
Clay as it did with elay, the author felt that s fair 


comparison could nevertheless be made. 


The same set of electrodes war used anc the same 
procedure was followed throushout the rune 48 hed been 
expected, the pH values were slow to chauge and to reach 
Lae maximuns. ‘The unexpected upward trend at the anode 
could not reaGiiy be explained. It wes also noticed 
that the anolyte was sligntly turbid, though the ctho- 
lyte was not, and renained so for elnost 2 hours, et 


which time the ph began to fell. 


The moter-generator set cut out agnin anc was off 
epproximetely an hour end a half. Other then thie, the 
run procerded very normally. After some 48 hours the 
pH velues levellee off and remained th t way for the 


next 24 hours, at which time the run was stopped. 
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CORCLUSIONS 


Despite the many variables and limitations in an 
investigation of this sort, quite a few rather definite 
conclusions may be drawn from it. As an investigation 
of the prectical problem of producing a pure Hi-clay for 
further use, it has been shown that such a conversion 
from an unknown clay to an Heclay can be effected. The 
definite return of the pH at the cathode to a known 
Value due to electrolysis elone indicates rather de- 
cidely that ionic exchange has been carried to comple- 
tion. Definite proof of this theory was obtained by 
the spectrographie analysis made by R. F. Reuss in his 
work on spectrogsraphic analysis methods of identifying 
Clays on the sample used in Run #2b. The disappearance 
of the calcium line indicated thst calcium hed been re- 
moved from the clay. its eappesrnnce agein after treat- 
ment wes probably due to a mist:*e in procedure. The 
final sample of clay was teken from the cell the day 
efter the run was completed. This allowed the calcium 
and magnesium in the tap water to pass through the mem-=- 
branes by dialysis and into the clay mix. By this pro- 
cess the percentage of cnicium und magnesium increased, 
More accurate results could have been obteined if there 

ad been time to make more than one analysis to obtnin 
an average. The need for such an average is evident in 


the verintions in nercerntrze trends. There is enough 
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consistency, however, to »llow confidence to be pl»ced 
in the wnelyeis. It is elso felt th: t the cujJciun was 


not conpletely removed sas emrliy ss tne analvsisc indiec:-tes. 


The production of an H-bentonite still remains as 
& problem. It is felt thet such e clay Gan not be pro- 
ducecé in sufficient quantities by the procedures used 
in thie investigution. The thixotropie properties of 
the clay, along with the ezceptionnily high current, 
caused most of the cifficulties. This a is 
due to the rarid bresking snrert of ciay lettices. “ore 
investigetion might reveal that e lower annrlied voltege 
would decresse this brensdown anc pervit a conversion, 
The limited quantity th t cen be trestecd woulc still be 


a Mejor crawback,. 


From the experiments performed it may be stated 
that there is a cgefinite indicstion of bese exchange 
conpletion, the return of the estholyte pH to # norms] 
value. ‘This return should have been expected woon ex- 
amination of the fretors efficting the pH. The only 
thing affeeting the pil, aside fram clectrolysis, is the 
acesorbed ions atirected to the esthoce slone. The pre- 
sence of s bse, snc the adeorbed ions ere beses, in- 
creasee the hvdroxal ion concentration causing a higher 
then normcl pH. . When theee adsorbed ions are no longer 
renovec, the hydroxel ion concentration Gecreases to 
thet vilue caused by electrolyeis. This furnished the 


needed enc point in the nrocess, 


(44) 


ints 92 of core Olin ion os pore Tene Taleme 
reat be te pe we 
ees voLtnk ae Le ets * seu “ mre er eae 
oe aehert Cite ey ince ce 8 ol he a 
“STG TD wee Kale we baw Jos ee 
OR RIOT HM reli tomer Jae a) es Om eet 

— 8b rebervcs Oleeceomia? ast .aiyaeceerel af iall 
CFEMELUC SEAM Ci heraetmsts —* Sie ool peers a 

el dercxep pate aes ope] sol 486 mee Ye de otro 
Oe Ad SAL Hic Jo fest > 2Okeee-t Bbw med 62 aad 
SAPSAOe MLO CEE of Jie A mew A Le an ley dened 
niet © Cea te One BPS Bert ie 
ef Afhom Atucw Netueee of ee een — 
Se & ° . th tell tL on 





Peer oF Tar 23 bawterrimt Ashes mat ort 
spies ued Bo Q0hvavow | were» a! vanes Sane 
} o ox wtulesdce ss to ers ten odd bil talime 
<=5 crm Lednegne vas ve) Limcn wei why cmmlew 
“tine cia wild mebdeitn waka mas > mizracing 
adz »! ether lnernmie weed woina ye a6: mvideerae wali 
> a Gels electra pez of Saswetory aml Bawmece 


AT spent rte sack mtumiiee sat See mes Te gee 


cable | ' pal unap BA LS ert enoonry ral tamer ae ivewre 
Women we eth Reet Saeente mit ou “Aflg Segraen — 

23 ‘qpamaned ton | # ctimeaars ~ beeen wt , Weavers 
wi hed br elev ~ajwelaabeal> 4 ai bemes wiles veal 


Teo WF Oo) dalie We wl 








(an) 


It may elso be concluded thet the difficulty of 
electrophoresis csn be effectively solved, at least with 
some Clays. By bvreakings the clay perticles down to a 
emol] enough size this difficulty is overcome. Such a 
procese is another good example of the validity of the 
inverse squrere law, This treatment, as effected by sn 
ultrasonic vibrator, does introduce the Limitation of 
eae reduced capscity for thc cell. By decreasing the a- 
mount of Ginsy thet may be held in solution, the dis- 
persion decreases the amount of clay that mey be effec- 
tively treated at one time. This problem night readily 


be solved by a cell of larger proportions. 


In any further work thet might be done on elceetro- 
dialysis, a cell of different proportions and make-up 
should be used. It is the opinion of the suthor that 
effective electrode and membrene areas are of primery 
inmportence. For this reason e cell of increaseG rele- 
tive width end depth end decreased reletive lencth should 
be used. A more effective cathode membrane snouid also 
be sought in order to overcone the embrittlenent prob- 
lem. If this problem could be eliminsted one nore stunb- 
ling block te the trectnent of bentonites would be re- 


movede 


AS @ study of the base exchange properties this in- 
vestigation revealed as sany possibilities as conclusions. 
The necessity of using tap water eliminsted the possi- 


bility of determining the order of removal by qualita- 
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tive chemicol means. Only a sufficient supply of dis- 


tilled wster could elimincte thie vrovlem. 


fA study of the diffraction patterns, however, cid 
seem to substantiate a generally accepted theory con- 
cerning ionic adsorption. The straining of tne clay 
lattice by sdsorbec hydrogen ions can most logically be 
expleined by the presence of some substance where no 
substance wes vefore. i there were e simple surface 
exchense of a hydrogen ion for e calcium ion, this con- 
dition would not exist. Dut the formstion of e water 
molecule by the edcition of a hydrogen ion to a hydroxal 
jon would satisfy the requirement. This belief is fur- 
ther substentiated by the fact tiist a hydroven ion heads 
the lyotropic series lor adsorption end is the mosi dif- 


ficult to remove. 


By analyzing the pH curves awainst those vroauced 
by electrolysis another conclusion mav be Crewn. The 
rate of exchnnge is most rapid sat the beginning and con- 
tinues to decrease up to tne enc point. This points to 
the poesibility that rate of exchenge is more cependent 
upon the concentration cer the adsorbed ion Lien the sub- 
stituted ion. Thie must be concluded becnuse the con- 
centration of the Substituted ion romains substentially 


const nt. 


One of the wort interesting aspects of the itives- 


ols 


ig :tion wes the poseibility of studying the order of 


-, 
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exchange by spectrographic anelysis. Such a study would 
not only perzit 2 determination of the order of exchange 
but also of the comperctive rates of exchange. The lat- 
ter determin-tion might furnish an interesting tie-in 
with the order of the lyotropic series. Such a study 
was hampered by the presence of only one a€sorbed ion 


on the clay analyzed. 


it is the opinion of the author that considerably 
more work needs to be done on electrodialysis before a 
comrletely satisfsetory nethod of producing a pure A-clay 
Gan be obteined,. * studv of a continuous Slow process 
micht be @ possible enswer. In anv event I feel that 


much sore could be accouplished by more tian one person 


working togetner. 
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INFORMATION FOR RUN #2 


Anode - Carbon 

Cathode - Nonel 

Stainless steel stirrer 

One cooling grid used 

Sample snalysis: 200 grams of unknown clay 


Sieve # o/o Passing 


200 1.05 
140 11.05 
60 100.09 


Water used: 
Center compartment +- 925 ce of distilled water 
End compartments - 1000 ce of distilled water with 


no circulrtion 
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DATA FOR RUN #1 


TIME TEMP. VOLT. CURREN pH AL CA MG NA K 
(min) °¢ (v) (a) CATHODE ANODE 
0 19 115 0.10 6655 6,455 
60 19 114 0.00 19.55 Sedo 
240 16 115 020 11.80 4,20 
O70 16 114 9429 12.99 4.58 
1260 16 Lil 0.20 12.01 3040 
1440 8§6(16 112 025 11.89 4.42 
1920060 ss «117 Lil 0.25 12.19 4.47 

1935 STOPPED To 78 T. - - 


“T" denotes trace 
"PY" denotes definite 


presence 
oubseript denotes 
electrode. 


REMARKS : 


Green precipitate identified as the hydroxides of 
nickel and copper formed at the anode. 


Clay had a tendency to pack up on the anode nenbrane. 
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INFORMATION FOR RUN 72a 


Anode - Garbon 

Cathode - Monel 

Stainless steel stirrer 

No cooling erids used 

Sample analysis: 200 grams of unknown clay passing a 

#35 sieve. 

Water used: 
Center conpartment ~ 1925 ce of distilled water 
End compartments - 2000 ce of tap water with con- 


stant circulation. 
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DATA FOR RUN #2a 


TIME TEMP. VOITAGE CURRENT pH 
(min) Oo (v) (a) CATHODE ANODE 
0 1? 117 0.25 
5 1? 117 0.50 10.62 98,78 
10 18 117 0.40 10.38 9,09 
30 19 114 0.55 10.72 98,82 
240 18 110 0.85 10.66 7.60 
4.30 16.5 110 0.70 10.65 7,71 
REMARKS: 


Overflow pipes clogged by hydroxides of 
nickel. 

End compartments overflowed into center 

Inspection of anode showed that half of 
corroded away. 

Inepection of metel stirrer showed that 
hed been corroded awev and the rod 


pitted * 
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INFORMATION FOR RUN #2b 


Anode - Carbon 

Cathode - Carbon 

Glass rod stirrer 

No cooling grids used 

Semple analysis: 200 grams of unknown cley passing a 

#140 sieve. 

Water used: 
Center compartment - 1925 ce of distilled water 
End compartments - 2000 ce of tap water with con- 


stant circulation. 
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ATA FOR RUN @2bd 


TIME VOLT. CURRANT TEMP . 
(min) (v) (a) “e 
QO 11? 0.25 1s 
1 118 0.25 18 
6 119 0230 1? 
10 117 0,30 16 
30 115 0.30 16 
99 112 0.35 16 
450 110 1.45 26 
790 112 1.25 18 
1280 111 0.90 17 
£160 109 1.20 17.5 
28209 L119 1.15 18 
3630 110 1,00 20 
4200 109 1.20 15 
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CATHODE 


8.05 
8.70 
8438 
3 96 
9.91 
9.50 
9647 
9.57 
9.89 
9.76 
1.91 
10.07 
10.07 
10.49 
19.48 
19.59 
10.98 
11.05 
11.99 
10.71 
19 84. 
LO 684 
10.76 
10.87 
10.91 
19.86 
10.96 
19,98 
10.66 
19,79 
10.71 
10.65 
10.73 
19.69 
9.89 
9.88 
9.38 


pH 


ANODE 


8.59 
7.93 
74.99 
7 82 
7 83 
7.72 
7 53 
7.79 
7057 
7047 
6.95 
5.86 
567 
4624 
4.499 
4409 
3.70 
3.59 
3008 
5e57 
3.44 
5265 
3470 
5.66 
5.64 
3.65 
5.54 
3.50 
3.067 
3a62 
360 
4.09 
3.086 
5 484 
3.43 
3 40 


008 





SPECTROGRAPHIC ANALYSIS OF SAMPLE #2b 


mm We ee oS Hh, > 

Before 57410 25.49 7.70 1,08 0.78 2422 
1 55.80 23.49 10.05 - Og 2000 

5 57.50 24.00 8.01 1.865 0.76 2.12 

10 50615 22.60 15.05 0.96 0.76 2.15 

50 $4.60 21.30 12.00 0.58 0.79 2.08 
150 48,10 24.00 153.41 1.53 0.79 2.54 
450 54.40 22.30 9.80 1461 0.82 2,23 
790 56.09 23.50 8,40 - 0.80 2.13 
1280 55.90 24,09 14,50 - 0.76 2,01 
2160 59.00 25.40 8.85 - 0.82 1,56 
After 56.50 25.40 8.48 0.71 0274 2,03 


There was no sodium or potsessium present. The 
remainder of the sample wes lost on ignition. 
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INFORMATION FOR RUIN #3 


Anode ~ Garbon 
Cathode ~ Carbon 
Glass rod stirrer 
io Gooling grids used 
Sample analysis: 20° grams of kaolin passing a *60 sieve 
Water used? 
Center compartment ~- 1925 ec of distilled wster 
End compartments - 2000 ce of tap water with con- 


stant circulation, 


2S 


eer Set morzakerrers 








DATA FOR RUN #3 


"TM TRUMP VOLT. CURRENT Dit 

(min) % (v) (a) CATHODE ANODE 
) 20 7.00 6.78 
7.10 6.71 

1 20 63% 7609 6.96 
725 6 489 

8.22 Fa89 

3 19 11S 0.10 8.57 "Tag BO 
8.52 6.96 

8.40 9 fi) 

6 19 115 0.10 8.61 7th 
8.82 6.96 
3.94 7.78 
10 19 113 Owls 9.02 7450 
9,11 Vek 

9,03 7,52 

20 18 112 0.15 9,28 Ted? 
9,56 6.92 

9,16 TFaeNl 

55 17 113 9,15 9.40 6.454 
9,52 8.13 
6.92 SAL 
415 16 114 0.25 7.09 3698 
7435 iD 

8.43 7 SE 

989 13.5 198 0.15 83,53 7439 
Bo7S 7 ee? 

9.52 794 

1460 15 lll 0,20 9.6% 7009 
9.70 8.95 

9,33 7 Sk 

LBLO 15 1Lo9 0,29 9,43 6.24 
9.55 6.6% 

9441 6.22 

O65 15 LOG 0.20 9,49 5.R2 
9.546 5.4) 

LO 922 5458 

BS40 19 198 630 TOe22 7% £8 
190628 3 eas 

19.22 4 69 

S855 2% 110 0,30 10.24 5 FL 
19.29 % 4 

9,99 4.13 

4185 1? 113 9,20 19,02 4,02 
19.04 4699 


REMARKS: 
Minimum renacinss at time 415 due to failure of 


be 


circulating water supply st that time. 
&> 
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DIFFRACTION DATA FOR RUN #35 


Before Treatment 


co 


a OO - CI 


7=-DR 


1.50 
1.85 
1.99 


2 ed6 


2029 


9299 


After Treatment 


1,50 
1.35 
200 
2038 
&2 @ 36 
bebe 
6.98 


BR denotes a back reflection. 
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Ring # Radil Diameter 

(run ) (rum) 
L Leel 1.22 2 etd 
£ 1.795 1.73 3045 
o 1.90 1.91 5 e831 
£ Ped 226 4.51 
o 27d 275 0&6 
6 3609 3.209 6.18 
7<BR 9295 6.00 Li.95 


#269 
3056 
0099 
4474 
D079 
6 ote 


12.07 








INFORMATION FOR RUN #4 


Anode ~ Carbon 

Onthode - Carbon 

Glass rod stirrer 

No cooling grids used for the first nine minutes and then 
two were added. 

Sample analysis: e00 grams of Osage, Wyoming, bentonite, 
passing a #60 sieve for the first nine minutes, after 
which 28 grams were removed. 


rater used: 

Center conpartrent - 1925 ce of distilled weter for 
the first nine minutes after which 1% core ee 
were ndded. 

Bnd eompartments = 2990 ee of tev weter with con- 


Stent circulstion. 
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T Un DMT’ 
(ain) OC 
0 13 
1 1é& 
S 
9 
REMARKS 3 


1 minute 


minutes 


CH 


7 minutes 
9 minutes 


Removed 4556 oc 


distillec 
T 1M TEMP. 
(min) °¢ 
0 18 
L 18 
5 18 
1» 18.5 
of) 20 
Lv 2645 
425 25 


est wry 
% Pi TAR KS Z 


1 minute 
5 minutes 


10 minutes 
40 minutes 


119 minutes 
425 minutes 


DATA FOR RUW #4 


TOr™, CURRENT pi 
(v) (a) CATHODE ANODE 
108 6.7 
195 8.0 18 9 
10.0 
STOPPED 


~ clay proved very thixotronpic. Much sas 
liberated at anode and cathode. 
- clay mix Liquid at cathode membrane 
but not at anode membrane. 
~ much steam being Liberated from clcv mix. 
-~ clay mix too hot, 75 °C, 


of clay mix and reniaced with 459 ce of 
witer. Cooling grids ndded. 


VCL? « CURRENT DH 
(v) (a) CATHODE ANODE 
193 8 4 940d 8.70 
9,419 8447 
108 6.6 11.25 cae 
11.49 Dude 2 
196 6.8 Tie ae 
Lia7o Sale 
L906 7.9 Lle76 Selo 
Lis74 Me Le 
19? 5 od 11.92 Sel) 
1ie20 E02 
Ligst 3e4) 
199 4,0 3 43 
3 943 


- Cluy mix liquic at cathode membrane. 

- much steam being libersted fro. clay mix. 
ciny mix at 69 °C, 

~ much gae liberated from enode 2=na ca- 
syode. olay mix at 99 "C. 

~ Clay mix at 79 °C, 

- clay mix et 50 °C. 

~ leck develoned in cnthoce membrone, 
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INFORMATION FOR RUN #5 


Anode #«- Crrbon 

Cathode ~ Cerbon 

Glase rod stirrer 

No cooling grids used 

Sample analvsis: 209 grams of unknown Glev passing a 
#60 sieve, vibrated in solution for 1 minute et 
1009 kilocycles per second, 

Weter used: 
Center comnertment - 1925 ce of distilled wetter, 
End compartments - £090 ce of tap water with con- 


stant circulstion. 
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DATA Fur BUN #5 


(v} 
116 
116 
116 
116 


77 


isk. & 


CUPRERT 


(a) 

9250 
0.50 
0,00 
0.50 


GATIIODS 


740% 
7492 
S~eO9 
90% 
19.94 
19.16 
19.42 
19.59 


pil 


ANODE 


70696 
7406 
8.96 
7 edd 
79S 
6 94d 
6&5 
4.649 


ULAY @ix 


oO L? 115 0.05 10.66 & «O92 
19465 3.78 

&Q 7 Liz 0.50 10069 etd 
LJ—8S » 79 

£89 L& Lil 0.95 1ie@G = 658 
Time = Bw SG 

4.50 La 115 0260 11650 Oe od 
Lien? Smine 


rewer supply off approximately 1 hour. 


945 16 i2 200 190ed2 4656 
19613 4998 
132) 13 Lil 9,60 12697 = Se59 


Liel@ Dect 
5B 15 119 0640 10.70 Oe 7 ees 
LDe7 1] 3e7O 7 45 
vower supply off approximately 1 hour. 


ef45 1S V2 0.45 19875 3496 Teo? 
10.49 age. 7 fo 
2546 1&8 Lil 0679 LL.2S  mlak: 7.08 
. 11.225 Ree 7 28 
SELS 18 158 0.90 104.90 w wt 7 8.92 
1169) Set) 6279 
3695 ao 169 6.59 12 wee ij 7 6070 
Liye w 28 6278 
$h59 oe Lil abe 12658 S¢ 7s 3908 
19.48 5,65 0043 
1 MS 1? 1306 0.2990 NO pct O ett 4.4935 
19 ert 3eSL oee 

HMARSS >: 

Much gee was Libereted at cathote «nd « ani} aout 


at anode. There was no clay packed on the “erloranes 
ntoonv tine. Clay appenred at cothode :t tice 4580 
signifying « lesks 
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DIFFRACTION DATA FOR RUN #5 


After Vibration, Before Treatment 


Diameter 
(ram) 


271 
4,09 
Del? 
6 14 


After Treatment, 4580 Minutes 


Le? 
4,15 
Del? 
6.19 
6.99 
9.66 


fifter Treatment, 5175 Minutes 


Ring # Radii 
(ram ) 

1 1.56 1.205 
g 2 20S 294 
o 203 2009 
“ 097 2007 
5 5 46 0047 
6-BR 4.81 4479 
7-BR Se75 

O-BR 7.68 

1 1.09 1.49 
2 206 297 
3 20083 2609 
4 0209 oelO 
2 349 200 
6-BR 4.482 4.84 
i 1.40 1.40 
® eID 205 
3 = e690 2069 
“ O07 5098 
o 0 043 & oO 
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2 e830 
410 
909 
6.15 
6.97 
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Ring # 


6-BR 
7<3R 
B-BR 


DATA (Cont'd.) 
Radii 
(sun ) 
4.85 4,84 
5078 
7.68 


BR denotes a dack reflection, 
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Diameter 
(mm) 


9.67 
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TNFCRMAT ION ror mUN #6 


Ancde - Cr. rbon 

Gethode ~ Garbon 

Glass roa stirrer 

Sample analysis: no clay was used in this run. 

Water used: 
Center compartment - 2000 ee of distilled writer 
End compartments - 2000 oc of tap water with con~= 


af ow 


stant circulation, 


(67) 





Dhow Dall Leds Ip ge oe © aeany wcyece vetenY 
ied As1F Tee tet Pe 28 DO ~ abaaewieees hy 
oSiltvivaic taetw 











+ IMS 


(maiz) 
9 
q 


1170 


1380 


ce% 3 

2 A - % 
OC 
19.5 


L Pag 
17 
a? 
1? 


1645 


- 


my oe Ty 


V dle 


(v) 
115 
115 
il 


Cx 


sa > 


Lie 
Li¢ 
114 
L190 
L107 
10? 
197 


rNt 
we 


DAGE FOR YAR &s 


ACRE 


(a} 
0,00 
VehC 
04605 
OeBD 
9603 
0-10 


ove 
0 » ee 


06285 


) wir 


VALIODE 


760d 
Vuate 
O07e 
6482 
OePD 
8.85 
OetS 
6 wGZ 
60S 
(@Oo7 
Bei 
By 61 
9.55 
Se 
19.29 
1O0ipic 
LOe15 
L062 
10242 


1.9.46 


rower supply off approximately 1€ hours. 


£170 


16465 
1609 
16 
iv 
L'7 
16 


wy 


L 


}--4 
nN? 


LOO 
LOY 
LOG 
Le 
196 


196 


end 
0.89 
600 
06959 
Ve 
0.00 


M99 
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3032 

2298 

9e73 

9,56 
19 we d4 
19.05 
19-52 
1D 6d2 
19210 
1p eit 
19 649 
194.06 
19490 
17650 


pi 


Alé DE 


eld 
4499 
642) 
89D 
6057 
6629 
5.02 
6 oA? 
SBael 
AaB 
7 a) 
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